A Gram-reaction-negative, aerobic, heterotrophic, non-motile, non-spore-forming, rod-shaped bacterial strain, designated Gsoil 032 T , was isolated from soil of a ginseng field in Pocheon Province, South Korea, and its taxonomic position was investigated by using a polyphasic approach. Strain Gsoil 032 T grew at 10-42 C and at pH 5.0-10.0 on R2A agar medium. Strain
Gsoil 032
T possessed b-glucosidase activity, which was responsible for its ability to transform ginsenoside Rb 1 (one of the dominant active components of ginseng) to compound K. On the basis of 16S rRNA gene sequence similarity, strain Gsoil 032 T was shown to belong to the family Sphingobacteriaceae and to be related to Mucilaginibacter sabulilitoris SMS-12 T (97.6 % sequence similarity) and Mucilaginibacter lappiensis ANJLI2 T (97.1 %) The G+C content of the genomic DNA was 44.4 mol%. The predominant respiratory quinone was menaquinone MK-7 and the major fatty acids were summed feature 3 (comprising C 16 : 1 !6c and/or C 16 : 1 !7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH. The major polar lipid detected was phosphatidylethanolamine, while the minor polar lipids were various unidentified aminophospholipids, unidentified phospholipids and unidentified polar lipids. DNA and chemotaxonomic data supported the affiliation of strain Gsoil 032 T to the genus Mucilaginibacter. Strain Gsoil 032 T could be differentiated genotypically and phenotypically from recognized species of the genus Mucilaginibacter. The isolate therefore represents a novel species, for which the name Mucilaginibacter pocheonensis sp. nov. is proposed, with the type strain Gsoil 032 T (=KCTC 12641 T =LMG 23495 T ).
During the course of a study to screen ginsenoside-converting aerobic bacterial strains in soil and sediment samples, several novel bacterial strains showing ginsenosideconverting activity were isolated. Among them, a strain designated as Gsoil 032 T isolated from soil of a ginseng field in Pocheon Province (South Korea) which could convert ginsenoside Rb 1 became the subject of a taxonomic investigation. Biotransformation of ginsenoside (deglycosylation) can be achieved by hydrolysing and removing sugar moieties from the major ginsenosides such as Rb 1 , Rb 2 , Rc and Rd using bacterial and fungal strains Choi et al., 2011; Cui et al., 2011; Quan et al., 2011; Chang et al., 2014) because the efficacy of deglycosylated ginsenosides such as Rg 3 , Rh 2 , F 2 and compound K (C-K) increases †These authors contributed equally to this work.
The NCBI GenBank accession number for the 16S rRNA gene sequence of strain Gsoil 032 T is AB267718. owing to enhancement of their hydrophobicity and cellwall permeability .
The genus Mucilaginibacter was proposed by Pankratov et al. (2007) , and the description emended by Urai et al. (2008) and Baik et al. (2010) , to accommodate Gramreaction-negative, strictly aerobic or facultatively anaerobic, heterotrophic, non-motile, non-spore-forming and rodshaped bacteria. Members of the genus contain menaquinone-7 (MK-7) as the predominant respiratory quinone and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH as the major fatty acids. The G+C content of the genomic DNA of this genus ranges from 39.1 to 46.2 mol%. At the time of writing, the genus consisted of 33 species with validly published names, including the recently described Mucilaginibacter ginsenosidivorax (Kim et al., 2013) , Mucilaginibacter polytrichastri (Chen et al., 2014) , Mucilaginibacter flavus (Joung et al., 2014) , Mucilaginibacter koreensis , Mucilaginibacter aquaedulcis (Joung et al., 2015) and Mucilaginibacter gotjawali .
The aim of this study was to determine the taxonomic position of strain Gsoil 032 T by performing phylogenetic analysis based on the 16S rRNA gene sequence, chemotaxonomic characteristics and phenotypic characteristics. The results of this study provide evidence that strain Gsoil 032
T represents a novel bacterial species.
Strain Gsoil 032
T was originally isolated from soil of a ginseng field in Pocheon Province (South Korea) using the standard dilution-plating technique on R2A agar (BD) at room temperature. It was cultured routinely on R2A agar at 30 C and preserved as a suspension in nutrient broth with (20 %, w/v) glycerol at À70 C.
The genomic DNA of strain Gsoil 032 T , extracted using a commercial DNA-extraction kit (Macrogen), was used in a PCR with the universal bacterial primer pair 9F and 1512R to amplify the 16S rRNA gene (Weisburg et al., 1991) . The purified PCR products were sequenced by Solgent (Im et al., 2010) . The almost-complete (1462 nt) sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR) and compared with the 16S rRNA gene sequences of related taxa, which were obtained from the GenBank database or EzTaxon server [http:// www.ezbiocloud.net/eztaxon; Kim et al. (2012) ]. Multiple alignments were made using the CLUSTAL X program (Thompson et al., 1997) with gaps edited using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) phylogenetic trees were reconstructed using the program MEGA 6 (Tamura et al., 2013) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The 16S rRNA gene sequence of strain Gsoil 032 T determined in this study was a continuous stretch of 1462 bp (base positions 17-1499 with respect to the Escherichia coli numbering system), which was deposited in the GenBank database (accession number AB267718). Sequence similarity values between Gsoil 032
T and other Mucilaginibacter species were determined using the EzTaxon server and ranged from 97.6 to 90.9 %; strain Gsoil 032 T showed highest similarity to Mucilaginibacter sabulilitoris SMS-12 T (97.6 %) and Mucilaginibacter lappiensis ANJLI2 T (97.1 %). In the neighbour-joining, maximum-likelihood and maximum-parsimony phylogenetic trees based on 16S rRNA gene sequences, strain Gsoil 032
T and the type strains of other recognized species of the genus Mucilaginibacter formed a coherent cluster (Figs. 1, S1 and S2, available in the online Supplementary Material). In the three phylogenetic trees, strain Gsoil 032 T , M. sabulilitoris SMS-12 T and M. lappiensis ANJLI2 T formed a monophyletic group but with a low bootstrap value.
On the basis of these phylogenetic results, M. sabulilitoris KCTC 32111
T and M. lappiensis KACC 14978 T were selected as the closest recognized neighbours of strain Gsoil 032 T and were obtained from culture collections, grown under the same conditions and used as reference strains in most of the subsequent phenotypic tests.
The Gram reaction was tested by the non-staining method, as described by Buck (1982) . Cell morphology and motility were examined with a scanning electron microscope (Hitachi SU-3500) and a Nikon light microscope (OPTIPHOT-2) at 1000Â using hanging-drop methods (Perry, 1973) , respectively, using cells grown for 2 days at 30 C on R2A agar. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine (Cappuccino & Sherman, 2002) . Carbon-source utilization and enzyme activities were tested using API 20 NE, ID 32 GN and API ZYM strips (bioM erieux) according to the manufacturer's instructions. Tests for the hydrolysis of casein, starch, carboxymethyl-cellulose (CM-cellulose), Tween 80 [0.01 % CaCl 2Á 2H 2 O and 1 % Tween 80 (Sigma)], Tween 20 [0.01 % CaCl 2Á 2H 2 O and 1 % Tween 20 (Sigma)] (Atlas, 1993) and DNA (using DNase agar from Scharlau, with DNase activity detected by flooding plates with 1 M HCl) were carried out over 7 days at 30 C. Growth at different temperatures (4, 10, 18, 25, 30, 37, 42 and 45 C) and various pH values (pH 4.5-10.0 at intervals of 0.5 pH units) was assessed after 7 days of incubation in R2A broth. Three different buffers (final concentration, 50 mM) were used to adjust the pH of the R2A broth. Acetate buffer was used for pH 4.0-5.5, phosphate buffer was used for pH 6.0-8.0 and Tris buffer was used for pH 8.5-10.0. Salt tolerance was tested on R2A medium supplemented with 1-10 % (w/ v) NaCl (at intervals of 1 %) and growth was assessed after 7 days of incubation. Growth on nutrient agar (NA; BD), trypticase soy agar (TSA; BD) and MacConkey agar (BD) was also evaluated at 30 C.
Ginsenosides Rb 1 , Rc, Rd, F 2 , C-K and PPD mix (comprising mainly ginsenosides Rb 1 , Rc and Rd) were purchased from Nanjing Zelang Medical Technology. Gypenosides and 200 µl of a bacterial suspension inoculated in R2A broth, was incubated for 3 days at 200 r.p.m. and 30 C. During the reaction, a 50 µl aliquot was taken daily, extracted with an equal volume of water-saturated n-butanol, and subjected to TLC analysis. TLC was performed using 60F 254 silica gel plates (Merck) with CHCl 3 /CH 3 OH/ H 2 O (65 : 35 : 10, by vol., lower phase) as the solvent. The spots on the TLC plates were detected by spraying with 10 % (v/v) H 2 SO 4 followed by heating at 110 C for 5 min.
Cells of strain Gsoil 032 T were Gram-reaction-negative, aerobic, heterotrophic, non-motile, non-spore-forming and rod-shaped (measuring 0.4-0.5 µmÂ1.0-1.5 µm; Fig. S3 ). Colonies grown on R2A agar plates for 2 days were smooth, circular, pale pink, convex and 2-3 mm in diameter. On R2A agar, Gsoil 032
T was able to grow at 10-42 C, but not at 45 C. A time course study of the biotransformation of the ginsenosides PPD mix by strain Gsoil 032 T showed that ginsenosides Rb 1 , Rb 2 , Rc and Rd were completely transformed to C-K via several types of metabolites, GypXVII, C-O, C-Mc 1 , F 2 and C-Mc after 3 days (Fig. S4) . The morphological, physiological and biochemical characteristics of strain Gsoil 032 T are given in the species description and Table 1 .
Genomic DNA of the novel strain and the two reference strains was extracted and purified as described by Moore & Dowhan (1995) and enzymatically degraded into nucleosides. The G+C content was then determined as described by Mesbah et al. (1989) using a reversed-phase HPLC system (Younglin). Cellular fatty acid profiles were determined using cells grown on R2A agar for 2 days at 30 C. The
Mucilaginibacter sabulilitoris SMS-12 T (JQ739458)

Mucilaginibacter pocheonensis Gsoil 032 T (AB267718)
Mucilaginibacter lappiensis ANJLI2 T (DQ234446)
Mucilaginibacter calamicampi WR-R1Y T (KC537738)
Mucilaginibacter soyangensis HME6664 T (HM590829)
Mucilaginibacter dorajii DR-f4 T (GU139697)
Mucilaginibacter pineti M47C3B T (KF483876)
Mucilaginibacter aquaedulcis PGW1-R01 T (JQ670938)
Mucilaginibacter gynuensis YC7003 T (KC247157)
Mucilaginibacter paludis DSM18603 T (AEIH02000001)
Mucilaginibacter oryzae B9 T (EU109722)
Mucilaginibacter angelicae GG-w14 T (HM627214)
Mucilaginibacter gossypii Gh-67 T (EU672804)
Mucilaginibacter defluvii A5 T (JQ955677)
Mucilaginibacter litoreus BR-18 T (JF999998)
Mucilaginibacter lutimaris BR-3 T (HQ455786)
Mucilaginibacter herbaticus DR-9 T (JN695632)
Mucilaginibacter myungsuensis HMD1056 T (GQ144415)
Mucilaginibacter daejeonensis Jip10 T (AB267717)
Nubsella zeaxanthinifaciens TDMA-5 T (AB264126)
Pedobacter heparinus DSM 2366 T (CP001681)
Sphingobacterium spiritivorum ATCC33861 T (ACHA01000008)
Olivibacter sitiensis AW-6 T (DQ421387) T . All data were from this study unless indicated otherwise. All strains were Gram-reaction-negative, non-motile, rod-shaped, and positive for catalase and oxidase activities. In API 20 NE and API ID 32 GN kits, all strains were positive for arginine dihydrolase, urease, b-glucosidase (aesculin hydrolysis), protease (gelatin hydrolysis), b-galactosidase (PNPG), and assimilation of D-mannose, N-acetyl-D-glucosamine, L-fucose, D-sorbitol, L-arabinose and D-ribose. All strains were negative for indole production, acid production from glucose, and assimilation of caprate, citrate, phenylacetate, 4-hydroxy-benzoate, L-rhamnose, suberate, acetate, L-alanine, 5-ketogluconate, glycogen and 3-hydroxy-benzoate. In API ZYM kits, all strains were positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase. All strains were negative for lipase (C14) and a-chymotrypsin activities. +, Positive; À, negative; W, weakly positive. 
Esterase ( Paiva et al. (2014) . †Data from Kang et al. (2013) . ‡Data from M€ annistö et al. (2010) . cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). They were then identified by capillary GLC, using version 6.0 of the Microbial Identification software package (MIDI), the TSBA60 database (Sasser 1990 ) and a 6890 chromatograph (Hewlett Packard). Cells grown in R2A broth for 2 days at 30 C were collected and freeze-dried for extraction of isoprenoid quinones and polar lipids. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane/quinone solution was purified using a SepPak Vac silica cartridge (Waters) and subsequently analysed by HPLC, as previously described (Hiraishi et al., 1996) . Polar lipids were extracted and analysed as described by Mininikin et al. (1984) . DNA-DNA hybridization experiments were performed between strain Gsoil 032 T and the reference type strains M. sabulilitoris KCTC 32111
T and M. lappiensis KACC 14978 T using the method described by Ezaki et al. (1989) Table S1 . The major fatty acids of strain Gsoil 032 T were summed feature 3 (comprising C 16 : 1 !6c and/or C 16 : 1 !7c, 36.5 %), iso-C 15 : 0 (24.1 %) and iso-C 17 : 0 3-OH (18.7 %), which were typical of those of members of the genus Mucilaginibacter. However, qualitative and quantitative differences in fatty acid content could be observed between strain Gsoil 032 T and its phylogenetically closest relatives. The polar lipid profiles of strain Gsoil 032 T and the type stains of M. sabulilitoris and M. lappiensis were similar, consisting of phosphatidylethanolamine as the major polar lipid and various unidentified aminophospholipids, unidentified phospholipids and unidentified lipids (Fig. S5) . The polar lipid profiles of the three strains were consistent with previous results for Mucilaginibacter species (Chen et al., 2014; Hwang et al., 2014; K€ ampfer et al., 2014; Paiva et al., 2014; . Moreover, strain Gsoil 032
T showed unique combinations of unidentified polar lipids that might be useful for distinguishing it from other members of the genus Mucilaginibacter. (Wayne et al., 1987) .
On the basis of the evidence from this polyphasic taxonomic study, strain Gsoil 032 T should be assigned to a novel species in the genus Mucilaginibacter, for which we propose the name Mucilaginibacter pocheonensis sp. nov.
Description of Mucilaginibacter pocheonensis sp. nov.
Mucilaginibacter pocheonensis (po.che.on.en¢sis. N.L. masc. adj. pocheonensis pertaining to Pocheon Province in South Korea, the source of the soil sample from which the type strain was isolated).
Cells are Gram-reaction-negative, aerobic, heterotrophic, non-motile, non-spore-forming and rod-shaped (0.4-0.5 µm in diameter and 1.0-1.5 µm in length) after culture on R2A agar for 2 days. Colonies are smooth, transparent, convex, circular with regular margins, pale pink and 2-3 mm in diameter after 2 days on R2A agar. Growth also occurs on nutrient agar and TSA, but not on MacConkey agar. Grows on R2A agar at 10-42 C and at pH 5.0-10.0 but not at 45 C. Optimum growth occurs at 30-37 C and at pH 7.0. Growth occurs in the presence of 1 % (w/v) NaCl. Catalase and oxidase are positive. Negative for hydrolysis of casein, starch, CM-cellulose, Tween 20, Tween 80 and DNA. Nitrate is not reduced. Results of carbon assimilation tests of sole carbon sources and enzyme activities are given in Table 1 . MK-7 is the predominant menaquinone, and summed feature 3 (comprising C 16 : 1 !6c and/ or C 16 : 1 !7c), iso-C 15 : 0 and iso-C 17 : 0 3-OH are the major cellular fatty acids (>18 %). The major polar lipid detected is phosphatidylethanolamine, while the minor polar lipids are various unidentified aminophospholipids, unidentified phospholipids and unidentified polar lipids.
The type strain, Gsoil 032 T (=KCTC 12641 T =LMG 23495 T ), was isolated from soil of a ginseng field in Pocheon Province, South Korea. The G+C content of the genomic DNA of the type strain is 44.4 mol%.
